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(54) Method of coating particles 



(57) A micropartide comprising an active substance 
which is a central core made of liquid, gaseous solid par- 
tide of regular or irregular shape, and the method for 
entrapping said active substance in a coating material 
which isconfbrmationally distributed on said active sub- 
stance and has a thickness ranging from the thickness 
of a monomolecular layer to about 100 These com- 
positions are useful for applicatk>ns that require protec- 
tion, prolonged release, taste masking, improved 
stability, altered haindling behavior, altered surface prop- 
erties Induding partide wettability and other desirably 
altered properties. 
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Description 

HELD OF THE INVENTION 

This invention relates to the art of coating sub- 
stances in the solid liquidi or gaseous state, particularly 
solid particles and solid articles, especially solid articles 
with complex geometries or finite interna! porous struc- 
tures. In particular, this invention relates to a method for 
embedding or coating preformed particles or articles in 
solid liquid or gaseous state within a coating material to 
produce nnicroparticles having an active substance 
entrapped in a layer of coating material. Such composi- 
tions are useful for applications that require protection, 
prolonged release, controlled release, taste masking, 
improved stability, altered handling behavior, altered sur- 
face properties including particle wettability, and other 
desirably altered properties. 

BACKGROUND OF THE INVENTION 

Many techniques for coating sulDstances have been 
developed over the years. Nevertheless, there is a per- 
sistant need for new techniques atHe to coat a wide range 
of preformed solid particles. The reasons for this need 
are numerous. For instance, new applications for solid 
particulate materials and articles are developed consist- 
ently thereby requiring Improved coating methods. Alsa 
new coating materials are developed and require for their 
application new coating protocols. Furthermore, many 
existing coating protocols require the use of solvents 
which are often toxic or hazardous either to the environ- 
ment, to personnel involved In a given particle coating 
protocol, or to the user of the particle. The latter situation 
arises when the final coated particle retains a finite 
amovint of solvent(s) used in the coating of coated solid 
pai tides or articles. Further, solvents used in conven- 
tional solid particle or article coating processes may 
attack and partially dissolve the solid particles or articles 
t>eing coated thereby altering properties of the solid par- 
ticles or articles in some manner. Additionally, solvent- 
t>ased coating formulations may cause mean size of par- 
ticulate compositions being coated to increase measur- 
ably due to agglomeration caused by the nature of the 
solvent-based coating at the time of application. 

A preponderance of current solid particle and article 
coating protocols involve deposition of liquid coating for- 
mulations on the surtece(s) of the solid oomposittons 
being coated followed by solidification of said coating for- 
mulations. Solidification may occur because solvertt is 
removed from the applied coating formulations, because 
the initially liquid coating formulations solidify due to 
cooling (e.g.. they crystallize or pass below a glass tran- 
sition temperature of the coating formulation during a 
cooling step), because initially liquid coating formula- 
tions are polymerized to a solid during the coating pro- 
tocol, or because of a corhbination of these factors. 

Supercritical fluids (SCF) in general, and supercrit- 
ical carbon dioxide (SC CO^ in particular, are prime 



vehicles by which improved coating technology can be 
developed and applied. They are protrayed as environ- 
mentally friendly fluids which can be used for a variety 
of economically useful purposes. 

5 U.S. Patent 4.598.006 discloses a method for 
impregnating a ttiermoplastic polymer with an impregna- 
tion material such as a fragrance or pest control agent 
or pharmaceutical composition wherein the Impregna- 
tion material is dissolved in a volatile swelling agent for 

10 the thernfx>plastic polymer, said swelling agent being 
maintained at or near supercritical conditions. 

U.S. Patent 5,043,280 discloses a method and 
apparatus for the manufacture of a product having a sub- 
stance embedded in a carrier that Involves the use of a 

15 supercritical gas or supercritical fluid (SCF). TTie m^od 
consists of passing a liquid that contains a substance 
and carrier through a nozzle into a chamber loaded wHh 
a SCF thereby forming a gaseous mixture of the SCF 
and liquid medium, followed by separating the gaseous 

20 mixture of SCF and liquid medium to produce a sterilized 
product comprising a sut)stance emk>edded in a carrier. 

SUMMARY OF THE INVENTION 

25 The invention relates to micropartides comprising 
an active sut>stance entrapped within a coating including 
a layer of a coating material. The microcapsules are 
cheiracterized in that the layer of coating mat^al is con- 
fbrmationaily dlstrik)uted on the active suk>stance and has 

so a thickness ranging firom the thickness off a mono-molec- 
utar layer to about 100 fim, preferably to about 40 fim. 
Preferably, the active substance found in the microparti- 
des of the present invention is a central core made of a 
liquid, gaseous solid particle of regular or inregular 

35 shape. In the case off a solid particle of Inregular shape, 
the coating of the micropartides of the present invention 
follows the surface of the partides being coated, indud- 
ing internal pores and crevices. The F>artide size of the 
micropartides of tiie present invention ranges in diame- 

40 ter from 1 nm to about l cm. preferat)ly from 20 nm to 
100 (un. 

In another embodiment of the present invention, the 
coating of the micropartides of the present invention 
comprises a pluralify of layers of identical or different 

45 coating materials. The thickness of each layer may be 
identical or different. 

Also within the scope of the present invention is a 
confiposrtion comprising a plurality of micropartides of 
even or uneven size distribution. The miaopartides 

so comprise an active substance confonnatfonally 
entrapped within a layer of a coating suk>stance having 
a tiiickness ranging from the thickness of a nrKmomolecu- 
lar layer to atx)ut 100 fim. Preferably, the active sii>- 
stance of the micropartides forming the composition of 

55 the present invention is a central core comprising a solid 
particle. 

The invention also relates to a process for entirap- 
ping an active sut>stance in a coating material. The proc- 
ess comprises suspending an active substance in a 
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supercritical fluid containing a coating material dissolved 
therein under conditions which cause substantially no 
swelling and/or dissolution effect on the active sub- 
stance. The temperature and/or pressure of the super- 
critical fbid is then gradually reduced under controlled 
conditions to reduce the solubility of the coating material 
in the supercritical fluid to cause the coating ntaterial to 
be deposited onto the active substance. Particularly, the 
process is characterized in that the active substance is 
in the form of liquid droplets, gas or solid particles and 
in that the liquid droplets, gas or solid particles are con- 
stantly agitated or stirred during their exposure to the 
supercritical fluid containing the coating material dis- 
solved therein. More particularly, the active substance is 
a solid particle and the conditions under which the solid 
particle is coated by the coating material are chosen to 
maintain the physical integrity of the solid particles. 

The process of the invention can also comprise fur- 
ther step in which the coating material deposited onto 
the active substrate is cured in a controlled manner. 

In practising the process of the present invention, the 
active substance and the coating material can be placed 
in an autoclave which is then filled with a supercritical 
fluid under corxJitions of temperature and pressure 
required to dissolve the coating material In the SMpercrit- 
ical fluid. Alternatively, the active sutDstance can be 
placed in a autoclave which is then filled with a super- 
critical fkiki containing the coating material already dis- 
solved therein. 

The present Invention also relates to an apparatus 
for depositing a coating material dissolved in a supercrit- 
ical fluid onto an active substance. The apparatus conv 
prises a reservoir/reaction chamber capable of receiving 
and maintaining a gas under supercritical conditions, 
and a pressurizable reaction chamber in fluid communi- 
cation with the reservoir/reaction chamber. The reaction 
chamber comprises stirring means to suspend the active 
substance when the supercritical fluid is introduced in 
the reaction chamber. The apparatus also comprises 
means lor controlling tiie temperature and/or the pres- 
sure in the reaction chanrt)er. Preferably, the stinging 
means is an agitator including a magnetic transmissions 
stirrer. 

Particularly, the apparatus of the present invention 
can further comprise reservoir means in fluid communi- 
cation with the supercritical gas condensor tor dissolving 
the coating material in tiie supercritical fluid. 

The final result is coated active substances in the 
form of solids, liquids, gases, particles or articles with 
desireable properties obtained without the use of usual 
organic solvent(s). The coated active sut^stances have 
a controlled thickness and/or geometry of coating mate- 
rial and are isolated after the coating system is depres- 
surized to atmospheric pressure and returned to room 
temperature if the coating was done at some tempera- 
ture otiier tiian room temperature. 

Particularly, the invention relates to the coating of 
preformed solid particles or articles by controlled 
changes in a syste^ tiiat initially contains a mixture of a 



SCF and a coating material dissolved tiiereon. The mix- 
ture is maintained at temperature and pressure condi- 
tions under which the solid particles or articles are 
insolut3le in the SCF. The temperature and /or pressure 

5 of the system is subsequentiy altered in such a manner 
as to cause controlled precipitation and/or crystallization 
of the coating material from tiie SCF phase onto the sur- 
face of the exposed solid particles or articles thereby 
forming coated solid particles or articles. 

10 One of the important advantages of tiie process of 
tiie present invention resides in the fad that the resulting 
micropartides are sut^stantially free of pores exposing 
the active materisU eitiier in liquid, gaseous or solid torm. 
to external conditions. The reason for this is that since 

15 the active substance is not dissolved in tiie SCF, upon 
return to normal presston conditions, the SCF does not 
escape from the central core to create important chan- 
nels in the coating material and if the active substance 
is a solid particle. The SCF only escapes from the thin 

20 layer of coating material and temperature and pression 
conditions can be varied to promote a gradual escaping 
of the SCF from the coating material, thereby avoiding 
substantial pore formation. Also, because the process of 
the present invention does not require spraying of the 

25 active sut)stance under which coating must be per- 
formed very quickly, and because tiie active substance 
is not solubilized in tiie SCF. it is possible to successively 
apply multiple layers of either identical or different coat- 
ing materials onto the active substance. In order to do 

30 SO the temperature and pressure parameters of the SCF 
can be varied in a controlled manner to achieve desired 
dissolution and sut)sequent solidifying of the coating 
material. 

In the drawings: 

35 

Figure 1 illustrates a complete schematic represen- 
tation of a prefenred embodiment of the apparatus 
of the invention ; 

Rgure 2 A is a photograph of untreated bovine serum 
40 altxinrine ; 

Rgure 2B is a photograph of a Ixsvlne serum altxi- 

mlne ti^eated witti geludre 50/02 ; 

Rgure 3 is a photo^aph of juvamine treated with 

gelucire 50/02 ; 
45 - Rgure 4 is a photograph of bovine serum albumine 

treated by Beeswax ; 

Rgure 5 is a photograph of hemoglobin treated witii 
Beeswax; 

Rgure 6 shows untreated juvamine and juvamine 
50 treated by Beeswax: 

Rgure 7 is a photograph of juvamine shown in figure 
6. 1 5 seconds after addition of a drop of water: 
Rgure 8 is a photograph of juvamine shown in figure 
6. 2 nvnutes after addition of a drop of water. 

55 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In accordance with the method of this invention, 
coating materials dissolved in a SCF are deposited in a s 
controlled manner on the surface of active substances 
such as solutions of active substances, melted active 
substances, emulsions^ solid particles or articles which 
are insoluble in or unaffected by SCF» thereby producing 
the desired coating. 10 

Coating materials 

Preferred coating materials are materials soluble in 
a SCF (e.g.. supercritical CO2) under conditions that do is 
not substantially alter or affect the substrate being 
coated or the material(s) being used as coating mate- 
rial(s). Carxiidate coating materials include materials 
typically genericafly dassifted as lipids. Specific exam- 
ples are mono- di- arxi tri-glycerides of various fatty acids 20 
like monostearin, di8tearin» tristearin, monopalmitin, 
dipalmitin. tripalmitin, monolaurin, dilaurin* trilaurin, as 
well as various combinations of these and related fatty 
acid gtycerides. Qycerides produced by acetytation of 
nmio- or di-gtycerides. or by hydrogenation of various 2S 
liquid glycerides to thereby produce solid fats (e.g., 
hydrogenated vegetable oils of all types) are also candi- 
dates. Other candidate lipids are fatty alcohols like 
stearyl akx)hol and palmityl alcohol, fatty ackis like 
stearic ackJ. palmitk; ackJ, myristic acki, and lauric ackl, 30 
and combinations of these materials with other iipkls. 
Still other candklate generic lipids are assorted waxes 
tike beeswax, caranaut>a wax, paraffin waxes, or combi- 
nations of these and other waxes with each other or with 
the assorted glycerides mentioned previously. Still other 35 
candklate lipk:l coating materials are cholesterol, various 
cholesterol derivatives, and varkHJS combinations of 
these lipids witii various combinations of the aforemen- 
tioned lipias known as glycerides. fatty ackls. fatty alco- 
hols, and waxes. Still other candklate coating materials 40 
are lecithin, shellac, and natural or synthetic organic pol- 
ymers of assorted types. 

Some of ttie sut^ances which can be used as coat- 
ing sukdstances in the context of the present invention can 
require the use of an entrainer sut)stance for the solubi- 4s 
lization into the SCR An entrainer is a substance that 
when dissolved in small anmunts in a SCF greatiy 
increases solubility of the material(8) being dissolved in 
the SCF, in the present case, tiie coating material(s), 
without having substantial effect on the SCF properties so 
of ttie primary component of the SCF system or density 
of ttie SCF system. 

Specific nonlimiting examples of coating materials 
that often require the use of an entrainer include shellac, 
as well as natural or synthetic polymers such as assorted 55 
polyester and polyanhydride polymers commonly classi- 
fied as biodegradable. Such polymers include all 
polyOactkle) homopolymers and copolymers witti gly- 
colic ackl as well as polyglycolkle homopolymer. Such 



polymers as well as their properties are described in 
detaa in EP 052510, UP 3 887 699. EP 0548481 and 
USP 3 773 919. Poly(€ - caprolactone), poly(p - hydroxy- 
Ixrtyrate), poly(hydraxyvalerate) arid p-hydroxybutyrate- 
hydroxyvalerate copolymers. Other candidate coating 
materials that may require the use of an entrainer include 
a variety of polymers formed by free radical polymeriza- 
tion or polycondensation representative examples of 
which include polystyrene, poly(metiiyl methacrylate), 
poly(vinyl chloride), polyvinyl alcohol, polyvinyl esters 
(like polyvinyl acetate or polyvinyl phtalate). arxi polyvi- 
nyl pyrolklone, poly(dimethyl sitoxeme), polysulfbne, 
assorted potyamkies (or nylons), poly(ethylene tereph- 
thlate), polyolelins like polypropylene, polyethylene and 
its copolymers with acrylic or methacrylic acid or acryiate 
esters like methyl methacrylate and tXJtyl m^hacrylate, 
polysaccharkles arxJ their derivatives such as cellulose, 
chitosan, carraghenane and their derivatives. 

Combinations of assorted coating materials can be 
applied either by sequential deposition of flie different 
carKiklate coating materials under different SCF operat- 
ing corxJitions or, if cGfferent combinations of coating 
materials are deposited simultaneously, sakJ deposition 
of combinations of materials occurs from a given SCF 
system under conditions where, prior to the deposition 
stepL saki combination of coating materials has measur- 
at>le solubility in the SCF system being used arxJ during 
the coating material deposition step, said combination of 
materials has equal affinity for ttie surface being coated 
so tiiat one material is not deposited to the total exduskxi 
of the other material(s). 

Supercritical f lidds 

In the case of supercritical CO2 (SC C02)» typical initial 
operating conditions will be approximately 31 to 80** C 
and pressures of 70 to 250 bars, although higher values 
of eittier or t>otti parameters can be used, provided, of 
course, that the higher values have no deleterious effect 
on the substrate t>eing coated. With SCF systems other 
than SC CO2., ntinimal operating temperatures and 
pressures will be those necessary to form a SCF with 
such systems. Ref. 2 specifies these corKOtions for a 
number of materials commonly used as SCF. Tom and 
Debenedetti (Ref. 1) say that normeUly the term super- 
critical is reserved for flukJs that exist within the following 
approximate reduced temperature and reduced pres- 
sure range: 1.01 < Tr < 1.1 and 1.01 < Pr < 1.5, where 
, the reduced temperature, is the ratio of the actual 
operating temperature (^K) of the system to the critical 
temperature f^K) of the material(s) that serves as the 
SCF while Pp the reduced pressure, is the ratio of the 
actual operating pressure (can h& specified in any estab- 
lished pressure units) of the system to the critical pres- 
sure (same pressure units used to spedfy the actual 
operating pressure) of the nnaterial(s) that serves as the 
SCF. In all cases, maximal operating temperatures and 
pressures for the purpose of this disclosure wiR be 
defined as those tiiat begin to cause measurat)le unde- 
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sireable alteration of properties of the substrat6(s) being 
coated. These maximal operating conditions normally 
are conditions that cause melting of the sii>strate. in 
case prelbmied solid particles are used, chemical deg- 
radation of the substrate, or some other undesireable 
change in property of the substrate. The SCF used may 
or may not contain an entrainer. As noted above, an 
entrainer is defined as a sukDStance deliberately added 
to a SCF system in small amounts in order to enhance 
solubility of a given substanGe(s) in said SCF system. 
When an entrainer is present in a snnali anrx)unt in the 
SCF (e.g.. <5 %). an amount so small that its presence 
has essentially no effect on the conditions needed to 
enter the supercritical state of the primary component of 
the SCF system, it greatly enhances solubility properties 
of the coating material(s) in the chosen primary SCF 
component Candidate entrainers include but are not linr>- 
ited to ketones, alcohols, esters and chlorinated sol- 
vents, as well as other well recognized organic solvents 
and plasticizers. Entrainers are used in cases where the 
candidate coating materials) has little solubility in the 
pr^en^ed SCF. 

Substances to be coated 

The active substances to be coated in the concept 
~r of the present invention can be either liquids, solids or 
gases. The only requirement is that these substances be 
, or have the possibility to be rendered insoluble in the 
SCF in conditions required to dissolve the coating mate- 
rial. 

Examples of active substances which can be coated 
in accordance with the present inverrtion include organic 
and inorganic compounds and peptides which find appli- 
cations in pfiarmaceutical compositions, agrochemicai 
compositions, human and animal food compositions, 
imaging conrpositions, ink compositions, cosmetic com- 
positions, fragrance compositions, adhesive composi- 
tions and the like. Particularly, preferred are 
pharmaceutical compo6itk>ns wNch may require a coat- 
ing either to mask the taste or to enable sustained 
release of active substances efTt>edded in biodegrada- 
ble polymers such as those mentioned above. Preferred 
active substances include cimetidine. ranitidine, ibupro- 
fen, acetaminophen, erythromycin, LHRH analogs such 
as buserelin, destorelin, gonadorelin, goserilin, histrelin, 
leuprorelin. nafarelin or triptorelin. pamoate, tannate. 
stearate or palrrutate of a naturally occurring or syr^hetic 
peptide comprising from 3 to 45 amino adds including 
LHRH. somatostatine, GH-RH or caidtonine . Other 
active substances include neurotrophic factor, diiary 
neurotrophic factor, fibroblast growth fector, gfial derived 
neurotrophic growth factor, brain derived neurotrophic 
factor nerve growth factor, vacdnes. insuline. morphine 
and its derivatives and antbiotics. 

In the event the substance to be coated is a sdkie 
partide, a wide variety of solid particles can be coated 
using the process of the invention. 



Examples are powders formed by crystallization, 
precipitation, pyrolysis, or evaporation of solvent from a 
solution that initially contained a dissdved solute, pow- 
ders formed by grinding, milling, crushing, or any other 

5 mechanical size reduction process, powders formed by 
polymerization of monomers to form polymeric partides, 
powders formed by granulation, prilling, and encapsula- 
tion techniques including spray drying, hot melt process- 
ing, and extruston-coextrusion processing, naturally 

10 occurring powders such as clays and Inorganic pig- 
ments, and powders formed by any other means. A sig- 
nif toant feature of the process of the present invention is 
that it can be used to coat particles of a wide range of 
geometries including partides of very regular and irreg- 

/5 ular geometry. The process can be used to coat perfect 
spheres, highly regular but nonspherical crystals having 
a wide range of characteristic crystal habits (e.g.. cubic, 
octahedronai. tridinic, etc.). and highly irregular partides 
typical of those formed by by conventional size reduction 

20 processes. Porous solid partides and artides are addi- 
tional candidate substrates to be coated by the process 
disdosed herein k>ecaus6 the process involves control- 
led deposition of a coating by "conderrsation". precq;>ita- 
tion, or crystallization of the intended coating material on 

25 the surface of the solid partides and artidesdirectly from 
the supercritical state so that there is no concern about 
a viscous coating solution formed with conventk>nal sol- 
vents adequately penetrating the pores arxl crevices of 
the sut>stance to be coated. Indeed, a feature of the coat- 
so ing technology cfisdosed in this application is the ability 
of this technok>gy to deposit a conformational coating. 
That is, a coating that fdlows the surface of the partide(s) 
or artide(s) being coated including internal pores and 
aevices. Further, coatings composed of different coating 

35 materials can be deposited in layers onto the external 
and internal surfaces of solid partides and artides 
desired to be coated, sakJ coatings ranging in thickness 
from nxilecular dimensions up to macroscopic dimen- 
sions, preferably from the thickness of a mono-molecular 

40 layer to alxxit 100 ym, preferably to about 40 |un. 

An additk>nal feature of the coating process dis- 
dosed herein is that it can be used to deposit as a coat- 
ing on a solkl sut>strate, a specify fraction of material 
from a candidate coating material that is in reality a com- 

45 plex mixture of different components arxi not a single 
component material. This type of predse deposition of 
coating material Is something that is vertually impossible 
to do by other coating technk^ues. Many, if not most can- 
didate coating materials in commerdal use are known to 

so t>e complex mixtures of various sul)slances. Nonlimiting 
examples indude natural materials like fats arxi waxes, 
materials derived from natural materials like hydrogen- 
ated fats, and synthetic materials like paraffin waxes. 
Other materials often sokj as essentially single compo- 

55 nent materials may contain up to 5-10 % of assorted 
oflier components often dassified as impurities, it being 
well known that production of absolutely pure materials 
for commercial use is generally a prohibitively costly task 
for commercial coating processes. The assorted sub- 
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stances present in many nnatenals, such as those men- 
tioned above, affect properties of the coated material in 
some manner. Accordingly, a SCF pre-extraction step 
under a specific set of operating conditions can be car- 
ried out in order to selectively remove assorted compo- 5 
nents of a candidate coating material deemed to be 
undesireafc)le for a planned application thereby providing 
a precisely purified material that can be used as the coat- 
ing material. Remarkably, this step can be conveniently 
carried out immediately before deposition of the coating 
material on a substrate is made to occur, so there is no 
question that the coating material is properly purified at 
the time it is deposited on a substrate. Another possibility 
is to use a specific set of SCF operating conditions to 
selectively extract very specific component(s) from a 
complex mixture and subsequently cause said compo- 
nent(8) to deposit on a substrate thereby producing a 
coating that is made up only off the specific selected conv 
ponent(s). 

Generad outlines of the process off the invention 

Deposition of a coating by the process disclosed 
herein involves altering the temperature and pressure of 
a SCF in which the desired coating material(s) is dis- 
solved. This alteration is carried out in a controlled man- 
ner so that the desired coating material(s) either 
crystallizes on the surface of the sii>strate being coated 
or precipitates there. The process disclosed herein is not 
k>ased on rapid precipitation, with or without subsequent 
crystallization, of materials initially dissolved in a SCF, to 
form free or self-standing small particles containing a 
comk)ination of active suk>stance or carrier material. This 
type of conf iguration, if it occurs, is the result of improper 
system operating conditions for deposition of the 
intended coating material(s). The process disclosed 
here is based on the controlled deposition of coating 
materlal(s) on the liquid droplets of an emulsion, on a 
volume of gaseous particles or on the external and inter- 
nal surfaces of preformed solid particle(s) and article(s). 

In the case of solid particles, the nx>lecular interac- 
tions or attractions of dissolved solutes for solid surfaces 
are used to riitiaily attract and guide the coating mole- 
cules, InitiaDy cfissolved in the SCF system used to the 
surface being coated. This phenomenon in conventional 
liquid/solid and gas/solid systems is known as adsorp- 
tion. The SCF containing the dissolved coating mate- 
rial(s) can be viewed as a solution, perhaps a 
nonconventional solution since the solute is dissolved in 
a SCF, but nevertheless a solution in which the coating 
material(s) is molecularly dissolved and hence, a solu- 
tion from which solute adsorption can occur to thereby, 
form a coating which can serve many useful functions 
and fiave many different compositions, thicknesses and 
properties. The coating material(s) dissolved in the SCF 
are solutes that can freely penetrate space that tiie SCF 
penetrates provided their molecular size albws them to 
pass into an internal pore or fissure or crack in a given 
solid particle or article and hence, can be deposited 



therein. There is no concern about prok)lems of making 
a viscous coating solution penetrate internal pores, 
cracks, and fissures characteristic of many solids. 

Hence, when a solid substance is to be coated 
according to the process of the invention, adsorption of 
a specific coating material is made to occur and/or slowly 
er^ianced during the process disclosed herein by alter- 
ing the temperature and/or pressure of the continuous 
phase which initially consists of a SCF in which the coat- 
ing material is dissolved, in an autoclave in a controlled 
manner. This involves a reduction in one or t)oth param- 
eters at a specified rate to a specified value of both 
parameters. Adsorption of molecules of the coating 
material by the surface(s) to be coated is critical to the 
success of the process disclosed here. If this cannot te 
made to occur, the coating material will not be deposited 
upon the surface of the substrate being coated. Once 
adsorption of coating material on the substrate to b>e 
coated occurs, further deposition of coating material(s) 
will t)e made to occur by continued controlled reduction 
of T and/or P inside the autoclave until all molecules of 
the intended coating material originally dissolved in the 
SCF have been deposited on the solid surface being 
coated. Depending upon the amount of coating material 
initially dissolved in the SCF, one can produce coatings 
that are of molecular thickness dimensions or macro- 
scopic thickness dimensions. The coating may be a crys- 
talline or amorphous phase depending upon the ability 
of the coating material to crystallize either during or after 
tiie coating process. Further, it may be deemed desirable 
to adjust coating conditions such that tiie coating mate- 
rial(s) deposit on the suk>strate being coated in such a 
manner tiiat a uniform film or oosrting is not prockjced, 
but a coating of some other geometry is produced. In 
such cases, the "coating" would form a unique geometric 
comfcH'nation of substrate and coating material which 
deviates significantiy in structure from a conventional film 
coating. 

Significantly, as tiie temperature and pressure inside 
the autoclave are reduced during the coating procedure, 
tiie SCF material tfiat forms the continuous phase in the 
autoclave and irvtially acts as a solvent for the substance 
being deposited as a coating generally passes from ttie 
SCF state into a binary mixture of liquid and gas phase, 
and as the system becomes totally depressurized, this 
material passes into only a gas phase. Controlled depo- 
sition of the coating material on tiie substrate being 
coated can occur at vartous stages of this sequence of 
phase changes depending upon the coating material 
used and its solubility in the suspending medium, origi- 
nally a SCF . However, the most meaningful change in 
solubility properties of the coating material as tempera- 
ture and pressure are altered occurs at or close to con- 
ditions tiiat exist at the boundary between the SCF state 
and binary mixture of liquid and gas. Controlling the rate 
of change in temperature and pressure In this region is 
particularly inrportant 

Because of the versatility of the coating technology 
disclosed herein and the ability off a SCF to produce a 
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solution of precisely defined components, specific T and 
P operating conditions required to deposit a given coat- 
ing material on a given substrate in a given fonn can vary 
but can be defined by the person skilled in the art for 
each combination of substrate being coated and coating 
material. When the active substance to be coated is a 
liquid similar considerations apply although the speed of 
agitation has an incidence on the size of the droplets that 
are coated. 

In order to carry out the process of the invention, a 
measured weight of sut>strate to be coated (i.e. an emuh 
sionat)le liquid or preformed particle(s) or artic!e(s)), pre- 
viously shown to t>e essentially insoluble in the SCF to 
be used and unaffected by said SCF under conditions to 
be used in the coating process), is placed in an autoclave 
equipped with an agitator and impeflor at^le to be turned 
at a defined rate. The autoclave is sealed and the agitator 
is started. If the substance to be coated is a solid particle, 
constant agitation is required but it should be relatively 
moderate in order to avoid any disturt>afice of the struc- 
tural Integrity of the particle. Agitation speeds can nor- 
mally vary between 200 and 400 RPM. If the substance 
to be coated is in the form of a liquid, the control of the 
agitation speed is also important because it can be used 
to vary the size of the droplets of the emulsion formed 
between the supercritical fluid and the liquid active sdb- 
V stance insoluble in it Agitation speed for liquids normally 
ranges between 600 and 1000 RPM. Since tiie active 
:jsut>stance to be coated Is initially in a gaseous environ- 
ment inside the autocalve. tiie agitator has no effect on 
the active sut^stance at this point. However, once the sys- 
4em is pressurized by introducing into the autoclave from 
an external source a substance (e.g., CO2) which ^ tiien 
brought to supercritical conditions tsy changing temper- 
ature and^or pressure inside the autoclave, the sdb- 
stance placed in tiie autoclave becomes suspended in 
the SCF due to the agitation provided by the agitator and 
impellor Active substances suspended in the SCF due 
to the agitation behave nruich like they are suspended in 
a conventional liquid or liquid solution. 

The n^ step is to introduce tiie desired coating 
material(s) into the autoclave as solute(s) dissolved in a 
SCF either by feeding into tiie autoclave a SCF solution 
of the desired coating material(s) or t^y placing the coat- 
ing material inskie the autoclave at the time the sii>strate 
to be coated is placed in the autoclave either as free coat- 
ing material or coating material contained in a molecu- 
larly porous sac. If the coating material is placed in the 
autoclave in any manner, pressurization of the interior of 
the autoclave to produce a SCF state causes tiie coating 
material(s) present inside the autoclave to be dissolved 
in the SCF. In order to assure that the coating material 
has been solubilized, the system is equilitKated a finite 
time (e.g., 1 hr) before the coating process is continued. 

Once a finite corx^entration of coating material(s) 
has been established in the SCF phase of tiie autoclave, 
temperature and/or pressure inside tiie autoclave are 
altered in a corrtrolled manner so that solubility of tiie 
coating material(s) present in tiie initial SCF is gradually 



reduced, continuous agitation being maintained tiirough- 
out this process. As a rule, such alteration involves 
reducing either tiie temperature or pressure in a control- 
led manner. Regardless of how tiiis is accomplished, as 

5 solubility of the coating materlal(s) in the suspending 
phase of the autoclave decreases, affinity of said mate- 
rial(s) for the sinlace of tiie substrate being coated 
increases and they increasingly become adsorbed there. 
If solubility of the desired coating materials) in the sus- 

10 pending phase is reduced at a sufficiently slow rate, the 
coating material(s) is transferred completely from the 
suspending phase onto the surface of the substrate 
being coated thereby forming a coating. Said coating can 
be deposited so that it follows the geometric shape of the 

IS sut>strate k>eing coated to thereby form what is com- 
monly termed a conformational coating. Irregulariy 
shaped particles and articles can be so coated so the 
process does not require the sut>stiBte to have a regular 
(e.g., spherical or sphere-like) geometry. Further, thick- 

20 ness of sakJ coating can vary from molecular to macro- 
scopic dimensions. Of course, by the time that depositu>n 
of the desired coating materiat(s) on the intended sub- 
strate is complete, tiie operating parameters of the sys- 
tem may be so changed tiiat tiie suspending fluid is no 

25 longer a SCF, but has been transformed into a liquified 
statewhich Is in equilitxium with itsgaseous state. Phase 
diagrams tiiat illustiate spedfic conditions under which 
ttiese different phases exist have been established for a 
variety of SCF systems. 

30 Once deposition of the desired coating material(s) 
is complete, the system is depressurized and tfie coated 
particle(s) or articie(s) are isolated by removing them 
from the autoclave. 

A compile schematic version of a preferred embod* 

36 iment of the apparatus of the present invention is illus- 
ti-ated infigure 1. Refening nowto figure 1, the pressured 
gas botUe is connected to valve 1 which delivers the gas 
to condenser C-1, where it is liquified. The condensed 
liquified gas is stored in the reservoir R-1. This liquified 

40 gas can t>e fed to the reservoir R-2 using valve V2. The 
gas phase existing in the reservoir R-1 can also be trans- 
ferred to the reservoir R-2 via valve V3. 

The reservoir R-2 C8ui be used as a reaction flask 
and is equipped with a magnetic transmisskxi stirrer. 

45 The Ik^uified gas can also be tranferred via the con- 
denser C-2 to the purrp P-1 . Rom P-1 . f lukf can be fed 
t>ack to reservoir via valve V4 and the condenser C-1 . 

Alternately, from the pump P-l, the fluid can be 
heated by tiie heat exfianger H-1 and fed to the reserwir 

so R-2 via valve V5, or fbd to the bottom sKle of reservoir 
R-3 via valve V-6, or to the top side of reservoir R-3 via 
valve V-7. 

Uquids, solutions, fluids, sutx:ritical fluki or super- 
aitical fluid existing in reservoir R-2 can betaken out and 
55 transferred via valve V-8 by the pump P-2. Inversely, sub- 
stances stored in pump P-2 can be introduced back 
inskie reservoir R-2, via valve V-8. Pump P-2 can also 
fc>e used to transfer materials from tiie reservoir R-2 via 
tiie heat exchanger H-2 to reservoir R-3 via valve V9. 
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Possibly, valve V10 can be used to equilibrate the pres- 
sure between the pump P-2 circuit and the reservoir R-2. 

Reservoir R-2 can be used as reaction flask for coat- 
ing particles, for dissolving substances, for particles for- 
mations, for emulsions, for coacervation. for s 
precipitation, for coprecipitation, for cristallisation, for 
desolvatation, for polymerization, for interfaciat polymer- 
isation, for poiycondensation... The same operation can 
be done in reservoir R-3, or both reservoirs can be used 
in the same time, or inturn of each others, or in combi- 
nation to each others. Reservoir R-3 and its heating or 
cooling jacket is designed to create gradient of temper- 
ature and density inside, thus assuming, if necessary, an 
internal turbulence in the fluid during ^erimental con- 
ditions. 

Contents of reservoir R-2 can be fed via valve V1 1 
to the pressure controlling valve VI 2. In a similar way. 
the reservoir R-3 is also branched via VI 3 or VI 4 to the 
pressure controlling valve VI 2. Valve VI 2 is used to con- 
trol the pressure during operations. Rom V12. via the 
heat exchanger H-3. the fluid can be decompressed in 
the separator S-1 . From the separator SI . the gas phase 
can be recycled via V15 back to the reservoir R-1. All 
containers are equipped with a pressure jauge (PJ). an 
exhaut valve to atmosphere (Vaii) and, or. drain valves 
(Vdrain). 

Each reservoir and separator are equipped with sep- 
arated cooling and heating jacket (TC) giving the possi- 
bility to obtain various temperatures at different places 
of the apparatus. The apparatus is also equipped with 
several windows in oder to see inside containers and with 
the necessary security valves and filtering devices not 
shown on the figure. 

Example 1. 1.3 g Qeluctre 50/02, an inert excipient 
derived from natural hydrogenated food-grade fats and 
oils (Source: Gattefosse S.A. F-69800 Saint Priest 
France) is placed in a sealed sac formed from coffee filter 
paper, said sac then being attached to the shaft of the 
a^tator placed in an autoclave (1.5 L capacity). 3.0 g 
HPMCP-55 (Source: Eastman, Ktngsport Tenn.. USA) 
is then added to the autoclave as a free powder. The 
autoclave is sealed, agitation is initiated (430 RPM). and 
the interior of the autoclave Is pressurized by addition of 
CX>2 to the autoclave. Once the autoclave is pressurized 
by the CO2. the temperature of the contents of the auto- 
clave is increased to 35^0. At this point the pressure of 
the interior of the autoclave is 1 1 0 bar, so CO2 inside the 
autoclave is in the SCF state. The system is allowed to 
equilibrate under these conditions for 1 hr in order to 
allow the Gelucire 50/02 initially inside the sac sufficient 
time to dissolve in the SCF and migrate into the volume 
of the autoclave in which the particles of HPMCP-55 are 
suspended in the SC CO2. The temperature of the 
sealed autoclave is then sbwiy reduced to 27''C at an 
essentially linear rate over a 17 min period from 35''C 
thereby causing the SC CO2 suspending phase to 
become a mixture of liquid and gaseous CO2. said par- 
ticles of HPMCP-55 being now suspended in the former. 
The autoclave is subsequently slc3wly depressurized to 



atmospheric pressure to yield particles of HPMCP-55 
coated with a component of the Gelucire 50/02 (Qeludre 
50/02 is a mixture of components, so the SCF process 
used selectively dissolves only certain components of 
the initial Gelucire 50/02 sample, in this case said com- 
ponents have a melting range of 35-40''C as shown by 
differential scanning calorimetry analysis of the coated 
particles. When the coated HPMCP-55 partides are 
placed in pH 10 buffer arxJ observed microscopically, it 
Is found that they dissolve at a significantly slower rate 
than unooated HPMCP-55 due to the presence of the 
coating components extracted from Gelucire 50/02 that 
were deposited on the various surfaces of sakJ particles 
by the SCF coating process. 

Example 2. 1.3 g Gelucire 50/02. an inert excipient 
derived from natural hydrogenated food-grade fats and 
oils (Source: Gattefosse S.A.. F-69a00 Saint Priest, 
France) is placed in a sealed sac formed from coffee filter 
paper, said sac then being attached to the shaft of the 
agitator placed in an autoclave (1 .5 L capacity). 

3.0 g tx>vine serum albumin (BSA) (Source: Sigma, 
SL Louis. MO. USA) is then added to the autoclave as a 
free powder. The autoclave is sealed agitation is initiated 
(440 RPM). and the interior of the autoclave is pressu- 
rized by addition of CO2 to the autoclave. Once the auto- 
clave is pressurized by the C02> the temperature of the 
contents of the autoclave is increased to 35''C. At this 
point the pressure of the interk)r of the autoclave is 1 1 0 
bar, so CO2 inskie the autoclave is in the SCF state. The 
system is allowed to equllbrate under these conditions 
for 1 fir in order to allow the Gelucire 50/02 initially inskie 
the sac suff k:ient time to dissolve in the SCF and migrate 
into the volume of the autoclave in which the particles of 
BSA are suspended in the SC CO2. The temperature of 
the sealed autoclave is then reduced to 27^0 by cooling 
at an essentially linear rate over a 17 min period from 
35*C thereby causing the SC CO2 suspending phase to 
become a mixture of liquid and gaseous CO2. said par- 
tides of BSA being now suspended in the former. The 
autoclave is subsequently slowly depressurized to 
atmospheric pressure to yiekl particles of BSA coated 
with a component of the Gelucire 50/02 (Gelucire 50/02 
is a mixture of components melting, so the SCF process 
used selectively dissolves only certain components of 
the initial Gelucire 50/02 sample, in this case said com- 
ponents have a melting range of 35-40''C as shown by 
differential scanning calorimetry analysis of the coated 
particles. When the coated BSA particles are placed in 
water and observed microscopically, it is fourxJ that they 
dissolve at a slower rate than uncoated BSA due to the 
presence of coating material derived by extracting com- 
ponents from Gelucire 50/02, saki components being 
deposited on the various surfaces of said particles by the 
SCF coating process disclosed. 

Rgure 2A shows the starting material (BSA) 
observed under optical microscope. It can be seen that 
BSA appears as thin transparent plates. Figure 2B 
shows the BSA sample after treatment with Gelucire 
50/02 used as the coating material. The sample is cov- 
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ered by a thin layer of geiudre and become opaque to 
the light. 

Example 3. 1 .3 g Qelucire 50/02. an inert excipient 
derived from natural hydrogenated food-grade fats and 
oils (Source: Gattefosse S.A., F-69800 Saint Priest, 
France) is placed in a sealed sac formed from coffee filter 
paper, said sac then being attached to the shaft of the 
agitator placed in an autoclave (1 .5 L capacity). 

3.0 g hemoglobin (Hb) (Source: Sigma, St Louis. 
MO, USA) is then added to the autoclave as a free pow* 
der. The autoclave is sealed, agitation is initiated (460 
RPM), and the interior of the autoclave is pressurized by 
addition of CO2 to the autoclave. Once the autoclave is 
pressurized by the C02» the temperature of the contents 
of the autoclave is increased to 35''G. At this point the 
pressure of the interior of the autoclave is 110 t>ar, so 
CO2 inside the autoclave is in the SOP state. The system 
is allowed to equilibrate und^ these conditions for 1 hr 
in order to allow the Qelucire 50/02 initially inside the sac 
sufficient time to dissolve in the SCF and ntigrate into the 
volume of the autoclave in which the particles of Hb are 
suspended in the SO G02- The temperature of the 
sealed autoclave is then slowly reduced to 27'*C at an 
essentially linear rate over a 17 min period from 35^C 
thereby causing the SC CO2 susperxfing phase to 
become a mixture of liquid arKi gaseous CO2, said par* 
tides of Hb being now suspended in the former. The 
autoclave is sut)sequently slowly depressurized to 
atmospheric pressure to yi^ particles of Hb coated with 
a component of the Geluctre 50/02 (Getudre 50/02 is a 
mixture of components, so the SCF process used selec- 
tively dissolves only certain components of the initial 
Qeludre 50/02 sample, in this case said components 
have a melting range of 35-40''C as shown by differentiai 
scanning calorimetry analysis of the coated particles. 
When the coated Hb partides are placed in water and 
observed microscopically, it is found that they dissolve at 
a significantly slower rate than uncoated Hb due to the 
presence of the Qelucire 50/02 coating deposited on the 
various surfaces of said partides by the SCF coating 
process. 

Example 4. 1 .3 g Qelucire 50/02, an inert excipient 
derived from natural hydrogenated food-grade fats and 
oils (Source: Qattelosse S.A., F-69800 Saint Priest, 
Firance) is placed inasealed sac formed from coffeefiiter 
paper, said sac then being attached to the shaft of the 
agitator placed in an autoclave (1 .5 L capacity). 

3.0 g erythrosine E (Source: Sigma, St. Louis, MO. 
USA) is then added to the autodave a free powder. 
The autoclave is sealed, agitation Is initiated (440 RPM), 
and the interior of the autoclave is pressurized by addi- 
tion of CO2 to the autodave. Once the autoclave is pres- 
surized by the CO2. the temperature of the contents of 
the autoclave is increased to 35''C. At tNs point the pres- 
sure of the interior of the autoclave is 1 10 bar. so CO2 
inside the autodave is in the SCF state. The system Is 
allowed to equilibrate under these conditions for 1 hr in 
order to allow the Qelucire 50/02 initially inside the sac 
suffident timeto dissolve in the SCF arxJ migrate into the 



vdume of the autodave in which the particles of eryth- 
rosine E are suspended in the SC CO2. The temperature 
of the sealed autoclave is then slowly reduced to 27''C 
at an essentially a linear rate over a 17 mIn period from 

5 SS'^C thereby causing the SC CO2 suspending phase to 
become a mixture of liquid and gaseous CO2, said par- 
tides of erythrosine E being now suspended in the 
former. The autodave is sut>sequently slowly depressu- 
rized to atmospheric pressure to yield partides of eryth- 

70 rosine E coated with a conrponent of the Qelucire 50A)2 
(Qelucire 50/02 is a mixture of components, so the SCF 
process used selectively dissolves only certain compo- 
nents of the initial Qeludre 50/02 sample, in this case 
said components have a melting range of 35-40''C as 

IS shown by differential scanning calorimetry analysis If the 
coated partides. When the coated erythrosine E parti- 
des are placed in water and oksserved microscopically* 
it is observed that they dissolve at a significantly slower 
rate than uncoated erythrosine E due to the presence of 

20 the coating deposited on the various surfacesof said par- 
ticles by the SCF coating process. 

Example 5. 1 .3 g Qeludre 50/02. an inert exdpient 
derived from natural hydrogenated food-grade fats and 
oils (Source: Qattefbsse S.A., F-69800 Saint Priest. 

^ France) isplacedtnasealedsacformedfromcoffeefitter 
paper, said sac then being attached to the shaft of the 
agitator placed in an autodave (1 .5 L capadty). 

3.0 g Juvamine, a commerdal vitamin C formulation 
that contains primarily sucrose (Source: SED, Paris, 

30 France) is then added to the autodave as a free powder. 
The autoclave is sealed, agitation is initiated (440 RPM), 
and the interior of the autodave is pressurized by addi- 
tion of CO2 to the autoclave. Once the autodave is pres- 
surized by the CO2. the temperature of the contents of 

35 the autodave is increased to 35''C. At this pdntthe pres- 
sure of the interior of the autodave is 1 10 bar, so CO2 
inside the autoclave is in tiie SCF state. The system is 
allowed to equiiibrate under these conditions for 1 hr in 
order to allow the Qeludre 50/02 initially inside the sac 

40 suffident tniie to dissolve in the SCF and migrate into the 
volume of the autoclave in which the partides of 
Juvamine are suspended in the SC CO2. The tenrpera- 
ture of the sealed autodave is then slowly reduced to 
27''C at an essentially linecir rate over a 17 min period 

45 from 35''C thereby causing the SC CO2 suspending 
phase to become a mixture of I'quid and gaseous CO2* 
said partides of Juvamine being now suspended in the 
former. The autodave is subsequentiy slowly depressu- 
rized to atmospheric pressure to yield partides of 

50 Juvamine coated witii a component of the Qelucire 50/02 
(Qeludre 50/02 is a mixture of components, so the SCF 
process used selectively dissolves only certain compo- 
nents of the Hiitiai Qeludre 50/02 sample, in this case 
said components have a melting range of 35-40''C as 

55 shown by differential scanning calorimetry analysis of 
tiie coated particles. When \he coated Juvamine parti- 
des are placed in water and observed microscopically, 
it is found tiiat tiiey dissolve at a signif icanfly slower rate 
than uncoated partides due to the presence of the coat- 
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ing of the Gelucire 50/02 components deposited on the 
various surfaces of said particles b/ the SCF coating 
process. 

Rgure 3 shows a sample Juvamine covered by a thin 
layer of Gelucire 50/02 after 5 minutes in water. It can be 
seen that when the core materials is dissolved it remcuns 
a shell of gelucire which has the same shape as the cov- 
ered crista!. In the central part of the picture, such shell 
was destroyed under the microscope by mechanical 
action of needle. It can be seen from the remaining mate- 
rial that the shell is formed byavery thin layer of gelucire. 

Example 6. 5.0 g beeswax Is placed in a sealed sac 
formed from coffee filter paper, said sac then being 
attached to the shaft of the agitator placed in an auto- 
clave (1.5 L capacity). 2.0 BSA (Source: Sigma, St 
Louis. MO, USA) is then added to the autoclave as a free 
powder. The autoclave is sealed, agitation is initiated 
(440 RPM), and the interior of the autoclave is pressu- 
rized by addition off GO2 to the autoclave. Once the auto- 
clave is pressurized by the CO2, the temperature of the 
contents of the autoclave is increased to 35''C. At this 
point the pressure of the interior of the autoclave is 1 1 0 
bar, so CO2 inside the autoclave is in the SCF state. The 
system is allowed to equilibrate under these conditions 
for 1 hr in oider to allow the Qeludre 50/02 initially inside 
the sac sufficient time to dissolve In the SCF and migrate 
into the volume of the autoclave in which the particles of 
BSA are suspended in the SC CO2- The temperature of 
the sealed autoclave is then slowly reduced to 27''G at 
an essentially linear rate over a 17 nun period from SS^'C 
thereby causing the SC GO2 suspending phase to 
become a mixture of liquid and gaseous CO2. said par- 
ticles of BSA being now suspended in the former. The 
autoclave is subsequently slowly depressurized to 
atmospheric pressure to yield particles of BSA coated 
with a cornponerit of the beeswax (t>eeswax is a rnixture 
of components, so the SCF process used selectively dis- 
solves only certain components of the initial beeswax 
sample, in this case said component have a melting 
range of 35-45''C as shown by differential scanning 
calorimetry analysis of the coated particles). When the 
coated BSA particles are placed on a glass slide and a 
drop of water is dropped on the particles on the slide, 
microsoopic ot>servation established that the coated 
BSA particles dissolved at a significantly slower rate than 
uncoated BSA particles due to the coating of the 
beeswax components deposited on the various surfaces 
of said particles by the SCF coating process. Indeed, it 
appeared that little BSA dissolved during an observation 
period of 5-10 min. 

Rgure 4 shows BSA covered by a thin layer of 
beeswax. It can be seen that this sample is floating of 
the top a water drop. This shows the strong wettability 
difference existing k>etween the treated sample and the 
starting material. Indeed the untreated starting material 
is completely sotiiDle in water and thus can not stay on 
the surface of a water drop. 

Example 7. 2.0 g paraffin wax 52-54 (Source: RP 
Prolaba Paris. France) is placed in a sealed sac formed 



from coffee filter paper, said sac then being attached to 
the shaft of the agitator placed in an autoclave (1.5 L 
capacity). 3.0 BSA (Source: Sigma, St. Louis, MO, USA) 
is then added to the autoclave as a free powder. The 

5 autoclave is sealed, agitation is in'rtiated (440 RPM), and 
the interior of the autoclave is pressurized by addition of 
CO2 to the autoclave. Once the autoclave is pressurized 
by the CO2, the temperature of the contents of the auto- 
clave is increased to 35''C. At this point the pressure of 

10 the interior of the autoclave is 1 1 0 bar, so CO2 inside the 
autoclave is in the SCF state. The system is allowed to 
equi&rate under these condHions lor 1 hr in order to 
allow the paraffin wax 52-54 initially inside the sac suffi- 
cient time to dissolve in the SCF and migrate into the 

IS volume of the autoclave in which the particles of BSA are 
suspended in the SC CO2. The temperature of the 
sealed autoclave is then slowly reduced to 27<'C at an 
essentially linear rate over a 17 min period from 35'^C 
thereby causing the SC CO2 suspending phase to 

20 t>ecome a mixture of liquid and gaseous CO2, said par- 
ticles of BSA being now suspended in the former. The 
autoclave is subsequentiy slowly depressurized to 
atmospheric pressure to yield particles of BSA coated 
with a component of the paraffin wax 52-54 (pcuraff in wax 

25 52-54 is a mixture of components, so the SCF process 
used selectively dissolves only certain components of 
the initial paraffin wax 52-54 sample), in this case said 
components have a melting range of 50-52''C as shown 
by differential scanning calorimetry analysis of the 

30 coated particles. When the coated BSA piarticles are 
placed on a glass slide and a drop of water is dropped 
on tiie particles on the slide, nrMcroscopic ot)servation 
established that the coated BSA particles were wetted 
witii much more difficulty than uncoated BSA particles 

35 due to the presence of the paraffin 52-54 components 
deposited on tiie various surfaces of said particles by the 
SCF coating process. 

Example 8. 5.0 g of the triglyceride of myristic add, 
sold as Dynasan 1 14 (Source: Huls Aktiengellschaft. D- 

40 w-4370 Marl, Germany) is placed in a sealed sacfbrmed 
from coffee filter paper, said sac then t)elng attached to 
the shaft of the agitator placed in an autoclave (1.5 L 
capacity). 1.5 g bovine serum albumin (BSA) (Source: 
Sigma. St Louis, MO, USA) is then added to the auto- 

45 dave as a freepowder. The autodave is sealed, agitation 
is initiated (440 RPM), and the interior of the autoclave 
is pressurized by addition of CO2 to the autodave. Once 
the autoclave is pressurized by the CO2, the temperature 
of the contents of the autodave is increased to SS^'C. At 

so this point the pressure of the interior of the autoclave is 
1 1 0 bar. so CO2 inside the autodave is in the SCF state. 
The system is allowed to equilibrate under these corKli- 
tions for 1 hr in order to allow the Dynasan 114 initially 
inside the sac sufficient time to dissolve in tiie SCF and 

55 migrate Into the volume of the autoclave in which tiie par- 
tides of BSA are suspended in tiie SC CO2. The tem- 
perature of the sealed autodave is then reduced to 27''C 
by cooling at an essentially linear rate over a 17 min 
period from 35''C tiiereby causing the SC CO2 suspend- 
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ing phase to become a mixture of liquid and gaseous 
CO2 . said particles of BSA being now suspended in the 
former. The autoclave Is subsequently slowly depressu- 
rized to atmospheric pressure to yield particles of BSA 
coated with a component of the Dynasan 114 sample 
used(it contains a mixture of components, so the SCF 
process used selectively dissolves only certain compo- 
nents of the initial Dynasan 114 sample), in this case said 
components have a melting range of 50-55''C as shown 
by differential scarming calorimetry analysis of the 
coated particles. 

When the coated BSA particles are placed In water 
and observed microscopically. It Is found that they were 
more difficult to wet than uncoated BSA due to the pres- 
ence of the Dynasan 1 14 components deposited on the 
various surfaces of said particles by the SCF coating 
process disclosed. 

Example 9. 5.0 g of stearic acid (Source: MercK 
Schucfiardt Germany) is placed in a sealed sac formed 
from coffee filter paper, said sac then being attached to 
the shaft of the agitator placed In an autoclave (1.5 L 
capacity). 3 g tx>vlne serum albumin (BSA) (Source: 
Sigma, St Louis, MO. USA) is then added to the auto- 
daveasafree powder. The autoclave issealed, agitation 
is initiated (450 RPM). and the interior of the autoclave 
is pressurized by addition of CO2 to the autoclave. Once 
the autoclave is pressurized by the CO2, the temperature 
of the contents of the autoclave is increased to SS'^C. At 
this point the pressure of the interior of the autoclave is 
110 t>ar. so CO2 inside the autoclave is in the SCF state. 
The system is allowed to equilibrate under these condi- 
tions for 1 hr in order to allow the srearic add initially 
inside the sac sufficient time to dissolve in the SCF and 
migrate into the volume of the autoclave in which the par- 
ticles of BSA are suspended in the SC CO2. The tem- 
perature of the sealed autoclave is then reduced to 27''C 
by cooling at an essentially finear rate over a 17 min 
period from ZS^'C Vhetety causing the 80 CO2 suspend- 
ing phase to become a nvxture of liquid and gaseous 
CO2, said particles of BSA being now suspended In the 
former. The autoclave is sut>sequently slowly depressu- 
rized to atmospheric pressure to yield particles of BSA 
coated with a component of the stearic acid sample used 
(it contains a mixture of components, so the SCF process 
used selectively dissolves only certain components of 
the initial stearic ackl sample), in this case said compo- 
nents have a melting range of SO-SS^'C as shown by dif- 
ferential scanning calorimetry analysis of the coated 
particles. When the coated BSA particles are placed in 
water and ok>served microscopically, it is found that they 
are more difficult to wet than uncoated BSA due to the 
presence of the stearic acid components deposited on 
the various surfaces of said particles by the SCF coating 
process disclosed. 

Example 1 0. 2.0 g of stearyl alcohol (Source: Jans- 
sen, Belgium) is placed in a sealed sac formed from cof- 
fee filter paper, said sac then k>eing attached to the shaft 
of the agitator placed in an autoclave (1 .5 L capacity). 3 
g bovine serum ablbumin (BSA) (Source: Sigma, St 



LjouIs, MO, USA) is then added to the autoclave as a free 
powder. The autoclave is sealed, agitation is initiated 
(440 RPM). and the interior of the autoclave Is pressu- 
rized by addition of CO2 to the autoclave. Once the auto- 

5 clave is pressurized by the CO2, the temperature of the 
contents of the autoclave is increased to SS^C, At this 
point the pressure of the interior of the autoclave is 1 10 
bar, so CO2 inside the autoclave is In the SCF state. The 
system is eillowed to equilibrate under these conditions 

10 for 1 hr in order to allow the Gelucire 50/13 initially inside 
the sac sufficient time to dissolve in the SCF and migrate 
into the volume of the autoclave in which the particles of 
BSA are suspended in the SC CO2. The temperature of 
the sealed autoclave is then reduced to 27''C by cooling 

15 at an essentially linear rate over a 17 mIn period from 
S&'O thereby causing the SC CO2 suspending phase to 
t>ecome a mixture of liquid and gaseous CO2 . said par- 
ticles of BSA being now suspended in the former. The 
autoclave is subsequently slowly depressurized to 

20 atmospheric pressure to yield particles of BSA coated 
with a component of the stearyl alcohol sample used (it 
contains a mixture of components, so the SCF process 
used selectively dissolves only certain components of 
the initial stearyl alcohol sample), in tfiis case said com- 

25 ponents have a melting range of 52-62''C as shown by 
differential scanning calorimetry analysis of the coated 
particles. When the coated BSA particles are placed in 
water and ot^served microscopically, it is found that th^ 
are more difficult to wet than than uncoated BSA due to 

30 the presence of the stearyl alcohol components depos- 
ited on the various surfaces of said particles by the SCF 
coating process disclosed. 

Example 11. 2.0 g paraffin wax 52-54 (Source:RP 
Prolatx)^ Paris, France ) is placed in a sealed sac formed 

35 from coffee filter paper, said sac then being attached to 
the shaft of the agitator placed in an autoclave (1.5 L 
capacity). 3.0 g hemoglobin (Hb) (Source: Sigma, St 
Ljouis, MO. USA) is then added to the autoclave as afree 
powder. The autoclave is sealed, agitation is initiated 

40 (240 RPM). and the interior of the autoclave is pressu- 
rized by addition of CO2 to the autoclave. Once the auto- 
clave is pressurized by the CO2. the temperature of the 
contents of the autoclave is increased to 35''C. At tfiis 
point tfie pressure of the interior of the autoclave is 1 10 

45 bar. so CO2 inside the autoclave is in the SCF state. The 
system is allowed to equilibrate under these conditions 
for 1 hr in order to allow the paraffin wax 52 initially inside 
the sac sufficient time to dissolve in the SCF and migrate 
into the volume of the autoclave in which the particles of 

50 Hb are suspended in the SC CO2. The temperature of 
the sealed autoclave is then slowly reduced to 27''C at 
an essentially linear rate over a 1 7 min period from 35^C 
thereby causing the SC CO2 suspeiKling phase to 
t>ecome a mixture of liquid and gaseous CO2 . said par- 

65 tides of Hb toeing now suspended in the former. The 
autoclave is sut>sequentiy slowly depressurized to 
atmospheric pressure to yield particles of Hb coated with 
a component of the paraffin wax 52-54 (paraffin wax 52- 
54 is a mixture of components, so the SCF process used 
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selectively dissolves only certain components of the ini- 
tial pafaffin wax 52-54 sample), in this case said conpo- 
nents have a melting range of 50-52''C as shown by 
differential scanning calorimetry analysis of the coated 
particles. When the coated Hb particles are placed in 
water and observed microscopically, it is found that they 
are more cfifficult to wet than unooated Hb due to the 
presence ot the paraffin wax 52-54 components depos- 
ited on the various surfaces of said particles by the SCF 
coating process. Numerous flat plates and needles of 
crystalline paraffin 52-54 were attached to the Hb parti- 
cles in such a manner that they grew away from the hft> 
particles in essentially a perpendicular direction. 

Example 1 2. 2.0 g paraffin wax 52 (Source: RP Pro- 
labo. PariSp Firance ) is placed in a sealed sac formed 
from coffee filter paper, said sac then being attached to 
the shaft of the agitator placed in an autoclave (1 .5 L 
capacity). 3.0 g Juvamine, a commercial mixture of vita- 
min C and primarily sucrose (Source: SED, Paris. 
France) is then added to the autoclave as a free powder. 
The autoclave is sealed, agitation is initiated (440 RPM). 
arxl the interior of the autoclave is pressurized by addi- 
tion of CO2 to the autoclave. Once the autoclave is pres- 
surized by the CO2, the temperature of the contents of 
the autoclave is Increased to 35^*0. At this point the pres- 
sure of the interior of the autoclave Is 1 10 bar, so CO2 
inside the autoclave is in the SCF state. The system is 
allowed to equilibrate under these conditions for 1 hr in 
order to allow the paraffin wax 52 initially inside the sac 
sufficient time to dissolve in tiie SCF and migrate into the 
volume of the autoclave in which the particles of 
Juvamine are suspended in tfie SC C02> The tempera- 
ture of the sealed autoclave is then slowly reduced to 
27''C at an essentially linear rate over a 17 min period 
from SS^'C tiiereby causing the SC CO2 suspending 
phase to become a mixture of liquid arxJ gaseous CO2. 
said particles of Juvamine being now susperxJed in the 
former. The autoclave is subsequentiy slowly depressu- 
rized to atmospheric pressure to yield particles of 
Juvamine coated with a component of the paraffin wax 
52-54 (paraffin wax 52-54 is a mixture of components, 
so the SCF process used selectively dissolves only cer- 
tain components ofthe Initial paraffin wax 52-54 sample), 
in tiiis case said components are shown to have a melt- 
ing range of 50-52''C as shown tsy cHferential scanning 
calorim^ry analysis of the coated particles. When the 
coated Juvamine particles are placed in water and 
observed microscopically, it is found that they are wore 
difficult to wet than unooated Juvamine due to the pres- 
ence of the paraffin wax 52-54 components deposited 
on the surface of said particles by the SCF coating proc- 
ess. When the contents of the coated particles of the 
Juvamine sample have completely dissolved in water, 
there Is left a fragile shell of water-insolut>le coating 
material that retains the geometry and external structure 
of uncoated crystals of sucrose, the primary component 
of Juvamine. 

Example 13. 5.0 g beeswax (Source : APIS Centre 
Uegeois, VISE, Belgium) is placed in a scaled sac 



formed from coffee filter paper, said sac then being 
attached to the shaft of the agitator placed in an auto- 
clave (1.5 L capacity). 1.9 g hemoglobin (Hb) (Source: 
Sigma, St Louis, MO. USA) is then added to the auto- 

5 clave as a free powder. The autoclave is scaled, agitation 
is initiated (220 RPM). and tiie interior of the autoclave 
is pressurized by addition of CO2 to the autoclava Once 
the autoclave is pressurized by the CO2. the temperature 
of the contents of the autoclave is increased to 35''C. At 

10 this point the pressure of the interior of the autoclave is 
110 bar, so CO2 inside the autoclave is in the SCF state. 
The system is allowed to equilibrate under these condi- 
tions for 1 hr in order to allow the beeswax initially inside 
the sac sufficient time to dissolve in the SCF and migrate 

IS into the volume of the autoclave in which the particles of 
hemoglobin are suspended in the SC CO2 . The temper- 
ature of the scaled autoclave is then slowly reduced to 
27^C at an esserrtially linear rate over a 17 min period 
from 35*C thereby causing the SC CO2 suspending 

so phase to become a mixture of Hquid and gaseous CO2, 
said particles of hemoglobin being now suspended in the 
former. The autoclave is sut)sequenftly slowly depressu- 
rized to atmospheric pressure to yield particles of hemo- 
gtobtn coated with a component of the beeswax 

25 (beeswax is a mixture of components, so tiie SCF proc- 
ess used selectively dissolves only certain components 
of tiie initial beeswax sample). When the coated hemo- 
globin particles are placed in water and ot>served micro- 
scopically, it is found that tiiey are more difficult to wet 

30 than unooated hemoglobin due to the presence of the 
t>eeswax components deposited on the surface of said 
particles by the SCF coating process. Rgure 5 shows 
said coated hemoglobin particles standing on the sur- 
face of a water drop. The uncoated starting material 

3s (hemoglobin) did not behave this way because it is imme- 
diatiy dissolved Into the water drop. 

Example 14. 5.0 g beeswax (Source: APIS Centre 
Uegeois. VISE, Belgium) is placed in a scaled sac 
formed from coffee filter paper, said sac tiien toeing 

40 attached to the shaft of the agitator placed In an auto- 
clave (1 .5 L capacity). 2.0 g Juvamine, a commercial mix- 
ture of vitamin C and primarily sucrose (Source: SED, 
Paris. France) is then added to tiie autoclave as a free 
powder. The autoclave is sealed, agitation is initiated 

45 (440 RPM), and the interior of the autoclave is pressu- 
rized by addition of CO2 to the autoclave. Once the auto- 
clave is pressurized by the CO2. the temperature of the 
contents of the autoclave is increased to ZS'^C, AT this 
point the pressure of the interior of the autoclave is 1 10 

so bar, so CO2 inside the autoclave is in the SCF state. The 
system is allowed to equilbrate under these conditions 
for 1 hr in order to allow the beeswax initially inside the 
sac sufficient time todissolve in the SCF and migrate irrto 
the volume of the autoclave in which the particles of 

55 Juvamine are suspended in the SC CO2. The tempera- 
ture of the scaled autoclave is tiien slowly reduced to 
25*^0 at an essentially linear rate over a 20 min period 
from S&'C thereby causing the SC CO2 suspending 
phase to become a mixture of liquid and gaseous CO2, 
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said particles of Juvamine being now suspended In the 
former. The autoclave is subsequently slowly depressu- 
rized to atmospheric pressure to yield particles of 
Juvamine coated with a component of the beeswax 
(beeswax is a mixture of components, so the SCF proc- 
ess used selectively dissolves only certain components 
of the initial beexwas sample). When the coated 
Juvamine particles are placed in water and observed 
microscopically, it is found that they are more difficult to 
wet than urKX)ated Juvamine due to the presence of the 
beeswas components deposited on the surface of said 
particles by the SCF coating process. When the contents 
of the coated particles of the Juvamine sample have 
completely dissolved in water, there is left a fragile shell 
of water-insolti)le coating material that retains the geom- 
etry and external structure of uncoated crystals of 
sucrose, the primary component off Juvamine. On figure 
6 the left part shows untreated strating matenal and the 
beeswax coated sample is placed on the right part of the 
picture. This is a picture obtained under the microscope. 
When adrop of water is placed in such a way that it cov- 
ers tx>th samples at the same time, it can been seen (Fig- 
ure 7) that after 15 sec the cristals of the left are under 
dissolution while at the right the water does not dissolve 
the sample with the same velocity. The figure 8 shows 
the same samples after 2 minutes under the water drop, 

. it IS dear that the starting cristals are completely dis- 
solved (on the left) and that the coated cristals (aft the 

: right) are not yet completely be dissolved. 

Example 15. 5.0 g beeswax (Source: APIS Centre 
Liegeois, VISE, Belgium) is placed in a scaled sac 
formed from coffee filter paper, said sac then being 
attached to the shaft of the agitator placed in an auto- 
clave (1 .5 Lcapadty). 1 2 g aceteuninophen is then added 
to the autoclave as a free powder. The autoclave is 
scaled, agitation is initiated (220 RPM). and the interior 
of the autoclave pressurized by addition of CO2, the 
temperature of the contents of the autoclave is increased 
to Sd^'C. At this point the pressure of the interior of the 
autoclave is 110 t>ar. so CO2 inside the autoclave is in 
the SCF state. The system is allowed to equilODrate uner 
these conditions for 1 hr in order to allow the beexwax 
initially inside the sac sufficient time to dissolve in the 
SCF and migrate into the volume of the autoclave in 
which the particles of acetaminophen are suspended in 
the SC CO2. The temperature of the scaled autoclave is 
then slovtrly reduced to 27'*C at an essentially linear rate 
over a 1 7 min period from 35^C thereby causing the SC 
CO2 suspending phase to become a mixture off liquid and 
gaseous CO2. said particles of acetarranophen being 
now suspended in the former The autoclave is subse- 
querttiy slowly depressurized to atmospheric pressure to 
yield particles of acetaminophen coated with a compo- 
nent of the beeswax (beeswax is a mixture of compo- 
nents, so the SCF process used selectively dissolves 
only certain components of the initial beeswax sample). 
When the coated acetaminophen particles are placed in 
water and observed microscopically, it is found that they 
are nix>r6 difficult to wet than uricoated acetantinophen 



due to the presence of the beeswax components depos- 
ited on the surface of said particles by the SCF coating 
process. When the coated acetaminophen particles are 
tasted orally, a significant taste riiaking effect is obtained. 

5 Example 16. 5.0 g white beeswax (Source: 
Cooperation Pharmaceutique Frangaise, Melun, France) 
is placed in a scaled sac formed from coffee filter paper, 
said sac then being attached to the shaft of the agitator 
placed in an autoclave (1 .5 L capacity). 2.0 g Juvamine. 

10 a commercial mixture of vitamin C and primarily sucrose 
(Source: SED, Paris, France) is then added to the auto* 
dave as a free powder. The autoclave is scaled, agitation 
is initiated (440 RPM) and the interior of the autoclave is 
pressurized by addition of CO2 to the autoclave. Once 

15 the autoclave is pressurized tjy the CO2. the temperature 
of the contents of tfie autoclave is increased to 2S^C. At 
this point the pressure of the interior of the autoclave is 
110 k^ar, so CO2 inside the autoclave is in the SCF state. 
The system is allowed to equilibrate under these condi- 

20 tions for 1 hr in order to allow the white beeswax initiany 
inside the sac sufficient time to dissolve in the SCF and 
migrate into the volume of the autoclave in which the par- 
ticles of Juvamine are suspended in the SC CO2. The 
terTf>erature of the sealed autoclave is then slowly 

25 reduced to 25''C at an essentially linear rate over a 20 
min period from SS^'C thereby causing the SC CO2 sus- 
pending phase to become a mixture of liquid and gase- 
ous CO2. said particles of Juvamine being now 
suspended in the former. The autoclave is subsequently 

30 slowly depressurized to atmospheric pressure to yield 
particles of Juvamine coated with a component of the 
white beeswax (white beeswax is a mixture of compo- 
nents, so the SCF process used selectively dissolves 
only certain components of the initial white beeswax 

35 sample). When the coated Juvamine particles are placed 
in water and observed microscopically, it is found tfiat 
they are more difficult to wet thein uncoated Juvamine 
due to the presence of the white beeswax components 
deposited on the surface off said particles by the SCF 

40 coating process. When the contents of the coated parti- 
cles of the Juvarrane sample have completely dissolved 
in water, there is left a fragile shell of water-insoiutsle 
coating material that reteiins the geometry and external 
structure of uncoated crystals of sucrose, the primary 

45 component of Juvamine. 

Example 17. 5.0 g white beeswax (Source: 
Cooperation Pharmaceutique Frangaise, Melun. France) 
is placed in a scaled sac formed from coffee filter paper, 
said sac then being attached to the shaft of the agitator 

50 placed in an autoclave (1.5 L capacity). 2.0 g Xylitol 
(Source: Roquette Fr^res Lestrem. France) is then 
added to the autoclave as a free powder, the autoclave 
is scaled, agitation is initiated (440 RPM). and the interior 
off the autoclave is pressurized by addition of CO2 to the 

55 autoclave. Once the autoclave is pressurized by the CO2. 
the temperature of the contents of the autoclave is 
increased to SS^'C. At this point the pressure of the inte- 
rior of the autoclave is 1 1 0 t>ar. so CO2 inside the auto- 
clave is in the SCF state. The system is allowed to 
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equilibrate under these conditions for 1 hr in order to 
allow the white beeswax initially inside the sac sufficient 
time to dissolve in the SCF and migrate into the volume 
of the autoclave In which the particles of Xylitol are sus- 
pended in the SC CO2. The temperature of the sealed 5 
autoclave is then slowly reduced to 25''Cat an essentially 
linear rate over a 20 min period from SS^'C thereby caus- 
ing the SC CO2 suspending phase to become a mixture 
of liquid and gaseous CO2. said particles of Xylitol being 
now suspended in the former. The autoclave is subse- 10 
quently slowly depressurized to atmospheric pressure to 
yield particles of Xylitol coated with a component of the 
white beeswax (white beeswax is a mixture of compo- 
nents, so the SCF process used selectively dissolves 
only certain components of the initial white beeswax 75 
sample). When the coated Xylitol particles are placed in 
water and observed microscopically, it is found that they 
are more difficult to wet than uncoated Xylitol due to the 
presence of the white beeswax components deposited 
on the surfece of said particles by the SCF coating proc- 20 
ess. 

Example 18. 5.1 g white beeswax (Source: 
Cooperation Pharmaceutique Frangaise, Melun, 
France) is placed in a scaled sac formed from coffee fflter 
paper, said sac then being attached to the shaft of the 25 
agitator placed in an autoclave (1.5 L capacity). 2.0 g 
potassium chloride (Source : Coop^ation Pharmaceu- 
tique Frangatse. Melun. France) is then added to the 
autoclave as a free powder. The autoclave is sealed, agi- 
tation is initiated (440 RPM). and the interior of the auto- 30 
dave is pressurized by addition of CO2 to the autoclava 
Once the autoclave is pressurized by the CO2, the tem- 
perature of the contents of the autoclave is increased to 
33^C. At this point the pressure of the interior of the auto- 
clave is 110 t>ar, so CO2 inside the autoclave is In the 3s 
SCF state. The system is allowed to equilibrate under 
these conditions for 1 hr in order to allow the white 
beeswax initially inside the sac sufficient time to dissolve 
in the SCF and migrate into the volume of the autoclave 
in which the particles of potassium chloride are sus- 40 
pended in the SC CO2. The temperature of the scaled 
autoclave is then slowly reduced to 25''C at an essentially 
linear rate over a 20 min period from ZS'^C thereby caus- 
ing the SC CO2 suspending phase to become a mixture 
of Kqu'd and gaseous CO2. said particles of potassium 45 
chloride t>eing now suspended in the former. The auto- 
clave is sut)sequently slowly depressurized to atmos- 
pheric pressure to yield particles of potassium chloride 
coated with a component of the white beeswax (white 
beeswax is a mixture of components, so the SCF proc- so 
ess used s^ectively dissolves only certain components 
of the initial white beeswax sample). When the coated 
potassium chloride particles are placed in water and 
obsen/ed microscopically, it is found that they are more 
difficult to wet than uncoated potassium chloride due to ss 
the presence of the white beeswax components depos- 
ited on the surface of said particles by tiie SCF coating 
process. 



Exempie 19. 0.842 g Myvacct 7-07 (Source: East- 
man Chemical Company, Kingsport. TN 37662 U.S.A.) 
is place in a scaled sac formed from coffee filter paper, 
said sac tiien being attached to the shaft of the agitator 
placed in an autoclave (1.5 L capacity). 5 g acetami- 
nophen is then added to the autoclave as a free powder. 
The autoclave is scaled, agitation is Initiated (440 RPM), 
and tiie interior of tiie autoclave is pressurized by addrton 
of CO2 to tiie autoclave is increased to ZS'^C, At tills point 
the pressure of the interior of tiie autoclave Is 1 15 bar, 
so CO2 inside the autoclave is in tiie SCF state. The sys- 
tem is allowed to equilibrate under tiiese conditions for 
1 hr in order to allow the beeswax initially inside tiie sac 
sufficient time to dissolve in tiie SCF and migrate into the 
volume of the autoclave in which the particles of aceta- 
minophen are suspended in tiie SC CO2. the tempera- 
ture of tiie scaled autoclave is tiien slowly reduced to 
27'C at an essentially linear rate over a 17 min period 
from SS^'C tiiereby causing the SC CO2 suspending 
phase to become a mixture of liquid and gaseous CO2, 
said particles of acetaminophen t>eing now suspended 
In the former. The autoclave is subsequentiy slowly 
depressurized to atmospheric pressure to yield particles 
of acetaminophen coated with a component of the 
Myvacct 7-07 (Myvacct 7-07 is a mixture of components, 
so the SCF process used selectively dissolves only cer- 
tain components of tiie Initial Myvacet 7-07 sanple). 
When the coated acetaminophen particles are placed in 
water and observed miaoscopically, it is found that they 
are more difficult to wet tiian uncoated acetaminophen 
due to tiie presence of the Myvacet 7-07 conqx>nents 
deposited on tiie surfece of said particles by the SCF 
coating process. 

Exempie 20. 4.87 g white beeswax (Source: 
Cooperation Pharmaceutique Firangalse, Meiun. France) 
IS placed in a scaled sac formed from coffee filter paper, 
said sac tiien being attached to the shaft of tiie agitator 
placed in an autoclave (1 .5 L capacity). 2.0 g Gentamicin 
sulfate (Source: Coop^ation Pharmaceutique 
Frangaise, Melun, France) isthenaddedtothe autoclave 
as a free powder. The autoclave is scaled, agitation is 
initiated (210 RPM), and the interior of the autoclave is 
pressurized by addition of CO2 to tiie autoclave. Once 
tiie autoclave is pressurized by the CO2. the temperature 
of the contents of the autoclave is increased to 45''C. At 
tills point, tiie pressure of tiie interior of the autoclave is 
200 t>ar, so CC2 inside tiie autoclave is in tiie SCF state. 
The system is allowed to equilibrate under these condi- 
tions for 1 hr in order to allow the white beeswax initially 
inside the sac sufficient time to dissolve In the SCF and 
migrate into the volume of tiie autoclave in which tiie par- 
ticles of Gentamicin sulfate are su^ended In the SC 
CO2. the temperature of tiie scaled autoclave is tiien 
slowly reduced to 20''C at an essentially linear rate over 
a 65 min period from 45''C thereby causing tiie SC CO2 
suspending phase to become a mixture of liquid and gas- 
eous C02^ said particles of Gentamicin sulfite being now 
suspended in tiie fbrmer. The autoclave is subsequentiy 
slowly depressurized to atmospheric pressure to yield 
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particles of Gentamicin suKate coated with a component 
of the whitebeeswax(whitei3ee8wax is a mixture of com- 
ponents, so the SCF process used selectively dissolves 
only certain components of the innitial white beewas 
sample). When the coated Gentamicin sulfate particles 
are placed In water and obsen/ed microscopically, it Is 
found that they are much more dfficult to wet than 
uncoated Gentamicin sulfate due to the presence of the 
white beeswax components deposited on the surface of 
said psullcles by the SCF coating process. 
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Claims 

1. A micropartide comprising an active substance 
entrapped within encapsulated with a coating includ- 
ing a layer of coating material, said micropartides 
being characterized in that the layer of said coating 
material is confbmnationally distnlxited on said 
active substance and has a thickness ranging from 
the thickness of a mono-molecular layer to atxxJt 
100 ^m. 

2. A micropartide according to claim 1 . charaderized 
in that the thickness of said layer of coating material 
ranges from the thickness of a monomdecular layer 
to about 40 |im. 

3. A micropartide according to daim 1 or 2, charader- 
ized in tiiat said active sut)stance forms a central 
core entrapped by saki layer of coating material. 

4. A micropartide according to any of claims 1 to 3, 
characterized in that sakl active substance is a liquid 
droplet or a gas entrapped within saM layer of coat- 
ing material. 



5. A micropartide according to any one of daims 1 to 
3. characterized in that said active sut^ance Is a 
solid particle of regular or inregular shape. sakI coat- 
ing material following the surface of said partide 

5 induding internal pores and aevices of sakI soOd 
particles. 

6. A micropartide according to daim 5. wherein the 
size of sakJ soiki particle ranges from 1 nm to about 

10 1 cm. preferak)ly from 20 nm to 100 pm. 

7. A micropartide according to anyone of daims 1 to 
6. characterized in ttiat said coating comprises a plu- 
rality of layers of identical or different coating mate- 

IS rial 

8. A micropeuiide aocorcGng to claim 7. wherein the 
thickness of saci layers is klentical or different. 

^ a A micropartide according to any one of daims 1 to 
8. charaderized in that coating material indudes lip- 
kis and natural or synthetic polymers. 

10. A composition comprising a plurality of microparti- 
25 des of even or uneven size distribution comprising 

an active substance confbrmationally entrapped 
within a layer of coating material whereby said layer 
of coating material has a thickness ranging from the 
flitokness of a mono-mdecular layer to about iOO 
30 fun 

11. A process for entrapping an active substance in a 
coating material. sakJ process being characterized 
in that it comprises: 

35 

suspending said active suk>stance in a supercrit- 
ical fluid containing sakf coating material dis- 
solved therein under conditions which do not 
cause substantial swelling or dissolution effect 

40 on sakf active sut>stance: 

- gradually reducing tiie temperature and/or pres- 
sure of sakJ supercritical fluid under controlled 
conditions to reduce the sdutxiity of said coat- 
ing material in saki supercritical f lukJ to cause 

45 sakl coating material to be deposited onto saki 

active substance. 

12. A process according to claim 11. dnaracterized in 
tiiat sakl active sut^stance is in the form of Rqukl 

so droplets, gas or solkJ partides and in tiiat sakJ BqukJ 
droplets gas or solid partides are constantiy agi- 
tated during their exposure to the supercritical f lukJ 
contairang the coating material dissolved therein. 

55 13. Aprocessaccordingtoclaim 11 or 12, characterized 
in that sakJ active substance is a sdkl particle, tiie 
conditions under wttich said coating material is 
deposited on sakj solid partide being chosen to 
maintain tiie physical integrity of said sdid particle. 
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14. A process according to any one of claims 1 1 to 13, 
characterized in that said process comprises a fur- 
ther step in which said coating materia) deposited 
onto said active substance is cured in a controlled 
manner. ^ s 

1& A process according to any one of claims 11 to14, 
characterized in that said active substance and said 
coating material are placed in an autoclave which is 
then filled with a si^ercritical fluid under conditions io 
of temperature and pressure required to dissolve 
said coating material in said supercrtticai fluid. 

1 6. A process according to any one of claims 1 1 to 14, 
characterized in that said active substance is placed is 
in a autoclave which is filled with a supercritical fluid 
containing said coating material dissolved therein. 

17. An apparatus for depositing a coating material dis- 
solved in a supercritical fluid onto an active sub- 20 
stance, said apparatus being characterized In that it 
comprises: 

a reservoir/reaction chamber capable of receiv- 
ing and maintaining a gas under supercritical 25 
conditions 

a pressurisable reaction chamk>er in fluid com- 
munication with said reservoir/reaction cham- 
ber, said reaction chamber comprising stirring 
means to stir said active substance when said 30 
supercritical fluid containing said dissolved 
coating material is introduced in said reaction 
chamber. 

18w An apparatus according to daim 16, characterized 
in that it further comprises reservoir means in fluid 
communication with said supercritical gas conden- 
sor for dissolving said coating material m said super- 
critical fluid. 

19. An apparatus according to daims 17 or 18, which 
further comprises means for controlling temperature 
and pressure In S£Ud pre8surisat)le reaction cham- 
ber. 

20. An apparatus according to daim 17. characterized 
in that said stirring means comprises a magnetic 
transrrvssion stirrer. 
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